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1
IMAGE FORMING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Japan
application serial no. 2014-128619, filed on Jun. 23, 2014.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

TECHNICAL FIELD

The present disclosure relates to an image forming
method.

DESCRIPTION OF THE BACKGROUND ART

As an image forming method by using an inkjet printer
and the like, a method of printing an image on a medium as
a recording medium by carrying out screen printing is
known.

For example, Patent Document 1 describes an image
forming method that makes it possible to form an image
having a wrinkle-like texture by using one type of ink.

[Patent Document 1] International Publication WO2011/
099560 pamphlet (disclosed on Aug. 18, 2011).

SUMMARY
Problem to be Solved

Incidentally, a technology of Patent Document 1 alone
cannot satisfy all of user’s various needs, and therefore a
new method is required for forming a high-quality color
image having a wrinkle-like texture.

For offering a solution to the above issue, the present
disclosure provides a new image forming method that makes
it possible to form a high-quality color image having a
wrinkle-like texture.

Solutions to the Problem

To bring a solution for the subject described above, an
image forming method according to an aspect of the present
disclosure includes: a first primer layer forming process to
form a first primer layer by way of discharging a first ink,
which is a photo-curable ink, onto a recording medium in
such a way as to make a perforated coat, and hardening the
first ink by light irradiation; a second primer layer forming
process to form a second primer layer by way of discharging
a second ink onto the recording medium on which the first
primer layer is already formed; and a color ink layer forming
process to form a color ink layer by way of discharging color
ink onto the second primer layer.

According to the configuration described above, the first
primer layer is formed on the recording medium in advance,
so as to become an uneven foundation for obtaining a
wrinkle-like texture, by way of discharging the ultraviolet
curable ink onto the recording medium in such a way as to
make a perforated coat, and by ultraviolet irradiation. Then,
by way of discharging the second ink onto the recording
medium on which the first primer layer is already formed;
while coarse unevenness of the first primer layer is main-
tained, fine unevenness on a surface of the first primer layer
can be canceled by the second primer layer. Accordingly, it
is possible to prevent the fine unevenness on the surface of
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the first primer layer from blocking a spreading movement
of the color ink on the recording medium at the time when
the color ink is discharged. Thus, it is possible to form a
high-quality color image on the first primer layer and the
second primer layer; the high-quality color image being able
to represent a color gamut equivalent to a full-color print of
a plane image, by use of the color ink layer.

In an image forming method according to an aspect of the
present disclosure, it is more preferable to carry out the first
primer layer forming process multiple times before the
second primer layer forming process.

According to the configuration described above, a height
of a convex part in the first primer layer can be adjusted.
Accordingly, a wrinkle-like texture can properly be adjusted.

In an image forming method according to an aspect of the
present disclosure, it is more preferable that; the second ink
is a photo-curable ink; and in the second primer layer
forming process, after the second ink is discharged, viscosity
of the second ink is increased by light irradiation so that the
second ink is preliminarily hardened; and then the second
ink preliminarily hardened is fully hardened by further light
irradiation.

According to the configuration described above, the sec-
ond ink is preliminarily hardened by way of increasing its
viscosity, so that it is possible to suitably prevent an exces-
sive amount of the second ink from flowing out of the
recording medium. Furthermore, by way of fully hardening
the second ink that is already preliminarily hardened, con-
ditions of the unevenness formed by the first primer layer
and the second primer layer can more suitably be controlled.

In an image forming method according to an aspect of the
present disclosure, it is more preferable that the second ink
is a transparent ink.

According to the configuration described above, by way
of irradiating the transparent ink that does not contain any
pigment and the like, with ultraviolet light in the second
primer layer forming process, viscosity of the transparent
ink can more suitably be increased. Thus, unevenness of the
second primer layer can more suitably be controlled. There-
fore, it is possible to further suitably form a second primer
layer that can prevent a color representation range of the
color ink layer, from getting degraded.

In an image forming method according to an embodiment
of the present disclosure, it is more preferable that the color
ink is a photo-curable ink, and the discharged color ink is
irradiated with light in the color ink layer forming process.

According to the configuration described above, a color
image can be formed, being provided with a wrinkle-like
texture and having wide color space.

Advantageous Effect of the Disclosure

According to the present disclosure, an effect is produced
in order to make it possible to form a high-quality color
image having a wrinkle-like texture.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing for explaining an outline of an image
forming method according to an embodiment of the present
disclosure.

FIG. 2 is a drawing for explaining an outline of a
configuration of an inkjet printing system including an inkjet
printer to be used for the image forming method according
to the embodiment of the present disclosure.
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FIG. 3 is a drawing for explaining an outline of an inkjet
printer 1 to be used for the image forming method according
to the embodiment of the present disclosure.

FIG. 4 is a drawing for explaining an outline of an inkjet
printer 1' to be used for the image forming method according
to the embodiment of the present disclosure.

FIG. 5 is a drawing for explaining an outline of an inkjet
printer 1" to be used for the image forming method accord-
ing to the embodiment of the present disclosure.

DESCRIPTION OF THE EMBODIMENTS

(Image Forming Method)

An image forming method according to an embodiment of
the present disclosure is explained below in more detail,
with reference to FIG. 1 through FIG. 3.

The image forming method according to the embodiment
of the present disclosure includes a first primer layer form-
ing process to form a first primer layer 31 by way of
discharging a first ink, which is a photo-curable ink, onto a
medium (a recording medium) 40 in such a way as to make
a perforated coat, and hardening the first ink (as (a) shows
in FIG. 1).

Thus, the first primer layer 31 can be formed on the
medium 40 in advance, so as to become an uneven founda-
tion for obtaining a wrinkle-like texture.

Moreover, the image forming method according to the
present embodiment includes a second primer layer forming
process to form a second primer layer 32 by way of
discharging a second ink onto the medium 40 on which the
first primer layer 31 is already formed (as (b) shows in FIG.
1).

Thus, while coarse unevenness of the first primer layer 31
is maintained, fine unevenness on a surface of the first
primer layer 31 can be canceled by the second primer layer
32.

Moreover, the second ink is a photo-curable ink. In the
second primer layer forming process described above, after
the second ink is discharged, viscosity of the second ink is
increased by light irradiation so that the second ink is
preliminarily hardened; and then the second ink preliminar-
ily hardened is fully hardened by further light irradiation.
Incidentally, “preliminarily hardening photo-curable ink”
means polymerizing the photo-curable ink by light irradia-
tion, so as to increase the viscosity of the ink to an extent that
fluidity of the ink is still maintained.

By way of increasing the viscosity of the second ink, the
fluidity of the second ink can be controlled. According to
this process, conditions of the unevenness formed by the first
primer layer 31 and the second primer layer 32 can more
suitably controlled.

Moreover, the image forming method according to the
present embodiment includes a color ink layer forming
process to form a color ink layer 33 by way of discharging
a color ink onto the second primer layer 32 (as (¢) shows in
FIG. 1).

In the image forming method according to the present
embodiment, the fine unevenness on the surface of the first
primer layer 31 can be canceled by the second primer layer
32. Accordingly, it is possible to prevent the fine unevenness
on the surface of the first primer layer 31 from blocking a
spreading movement of the color ink on the medium 40 at
the time when the color ink is discharged. Thus, it is possible
to form a high-quality color image that can represent a color
gamut equivalent to a full-color print of a plane image, by
use of a color ink layer.
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(Photo-Curable Ink)

Photo-curable ink to be used in the image forming method
according to the present disclosure includes visible light
curable ink, ultraviolet curable ink, and the like. Being not
limited, ink to be used for forming an image in the image
forming method according to the present embodiment is, for
example, ultraviolet curable ink. Incidentally, the ultraviolet
curable ink is an ink that is hardened by ultraviolet irradia-
tion, and the ink contains a resin of monomer, or oligomer
and the like, which is polymerized by ultraviolet irradiation,
as a binder. Listed as such a resin are epoxy acrylate,
urethane acrylate, polyester acrylate, and the like. Moreover,
such ultraviolet curable ink may contain a photo-polymer-
ization initiator, a sensitizer, etc., pigment, dye, and the like.
Furthermore, it may also contain other elements, for
example, such as a leveling agent, a fungicide and so on.

(Inkjet Printing System)

The image forming method according to the present
embodiment is implemented in an inkjet printing system
including an inkjet printer 1 shown in FIG. 2.

The inkjet printing system includes the inkjet printer 1 for
carrying out an inkjet printing, and an external device 20
such as a Personal Computer (PC) and the like. In this case,
an application 21 and an RIP (Raster Image Processor) 22
are built in the external device 20, wherein the application
21 creates an image data of an image to be formed by the
inkjet printer 1, and the RIP (Raster Image Processor) 22
creates a printing data for printing by use of the inkjet printer
1 on the basis of the image data.

(Inkjet Printer 1)

As shown in FIG. 3, the inkjet printer 1 includes a carriage
2 and a head unit 3, and the head unit 3 is provided with an
inkjet head 6 (6a through 6g), and ultraviolet irradiation
devices 4 and 5. Moreover, the inkjet printer 1 also includes
a control unit 8 that controls the carriage 2, the inkjet head
6, the ultraviolet irradiation device 4 and the ultraviolet
irradiation device 5.

As shown in FIG. 3, the ultraviolet irradiation device 4
includes eight UV-LEDs (ultraviolet light emitting ele-
ments) 4a, 4b, 4c, 4d, 4e, 4f, 4g, and 4/ (4a through 44); and
in the same way, the ultraviolet irradiation device 5 includes
eight UV-LEDs 5a, 5b, 5¢, 5d, Se, 5f, 5¢, and 5k (5a through
5h). Bach of the UV-LEDs (4a through 4/) and the UV-
LEDs (5a through 5/) can independently be set for its
lighting intensity.

In the inkjet head 6, there are formed a plurality of nozzles
(not illustrated) for discharging ink as droplets. As shown in
FIG. 3, the inkjet heads 6a, 65, 6¢, 64 and 6e discharge color
ink of black (K), yellow (Y), cyan (C), magenta (M), and
white (W), respectively. Meanwhile, the inkjet heads 6f'and
6g discharge transparent ink (T).

The control unit 8 carries out drive control of the carriage
2, ink discharge control of the inkjet head 6, and ultraviolet
irradiation control of the ultraviolet irradiation device 4 as
well as the ultraviolet irradiation device 5. According to this
configuration, the inkjet printer 1 is able to individually form
the first primer layer 31, the second primer layer 32, and the
color ink layer 33. Incidentally, the control unit 8 comprises
a computer as an essential part, which includes, for example,
a CPU, a ROM, and a RAM. Each control of the control unit
8, to be described later, is achieved by loading predeter-
mined computer software into the CPU or the RAM, and
operating the computer software under control of the CPU.

In the inkjet printer 1, as being supported by the carriage
2 that can reciprocate in a scanning direction (a direction
S”), the head unit 3 can move in the direction ‘S’. Moreover,
while moving in the direction ‘S’, the head unit 3 is able to



US 9,457,607 B2

5

discharge ultraviolet curable ink by use of the inkjet head 6,
and it is also able to irradiate with ultraviolet light by use of
the ultraviolet irradiation devices 4 and 5. Then, the inkjet
printer 1 transfers the medium 40 for a distance of pass
width in a feed direction (a direction ‘F’) that is perpen-
dicular to the direction ‘S’, and moves the head unit 3 in the
direction ‘S’ that is the scanning direction, so as to form an
image on the medium 40.

Incidentally, in the image forming method according to
the present embodiment, explained is a printing operation in
which printing is carried out with two passes, as an example.
In other words, the printing operation is explained on the
assumption that one transfer distance of the medium is
calculated as a result of dividing a line of nozzles of the
inkjet head 6 by the number of passes, namely “2” (to result
in a distance of pass width), and then two (the number of
passes) scanning operations are carried out for the printing
operation on the same printing area.

(First Primer Layer Forming Process)

In the first primer layer forming process, a printing data
for forming the first primer layer 31 is created in such a way
as to have a perforated state by way of thinning out in a
printing data.

In this way, according to the printing data for forming the
first primer layer 31, the first ink being ultraviolet curable
ink is discharged onto the medium 40, in such a way as to
be perforated, and then the first ink is fully hardened by
irradiation of ultraviolet light. According to this process, the
inkjet printer 1 forms the first primer layer 31, which
becomes an uneven foundation for obtaining a wrinkle-like
texture, on the medium 40 (as (a) shows in FIG. 1).

(Creation of Printing Data)

The printing data for forming the first primer layer 31 is
created by use of the application 21 shown in FIG. 2.
Incidentally, for dealing with the printing data, a texture
function that the application 21 includes should preferably
be used.

At first, with an image data of an EPS format, a TIFF
format, and the like, gray-scale processing is carried out on
the image data, by the application 21, in order to obtain the
printing data for forming the first primer layer 31. Thus, a
process is conducted in such a way that the printing data for
forming the first primer layer 31 is printed by using only the
black (K).

Next, in the printing data on which gray-scale processing
has already carried out, blurring processing is carried out by
the application 21, around a section where a wrinkle-like
convex part is to be formed, as required. Thus, image
processing can be conducted in such a way as to round off
an edge of the section where the convex part is to be formed
in the image data. Then, the printing data for forming the
first primer layer 31 is so processed as to become able to
form a naturally-shaped wrinkle on the medium 40. More-
over, the gray-scale processing is carried out in advance of
the blurring processing; and therefore the blurring process-
ing is carried out more uniformly than it is done on a color
image. As a result, this configuration is able to save the
trouble at the time of the blurring processing.

Next, with respect to an image to be printed on the
medium 40, at least one of changing a resolution of the
image and reduction/enlargement of the image is carried out
for the printing data for forming the first primer layer 31, by
the application 21, in response to a wrinkle shape that is
needed. Thus, the printing data for printing in a perforated
state is completed. Incidentally, “a perforated state” means
a condition where a density of droplets of the ultraviolet
curable ink discharged on the medium 40 becomes hetero-
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geneous, so that smoothness of the first primer layer 31
formed of the first ink is not uniform on the medium 40.

Next, a thinning-out process is carried out by the RIP 22.
The thinning-out process is implemented by way of creating
a printing data of a dot format for forming the first primer
layer 31, and diminishing a predetermined pixel in the
printing data. Incidentally, the predetermined pixel to be
thinned out may be identified by using a predetermined
mask, or may be identified by using random numbers, a
predetermined mathematical formula, and the like.

More specifically to describe, a case of discharging the
ultraviolet curable ink for all pixels in a printing data that
forms an image having a printing density of 100% is
identified as 100% in the thinning-out process. For example,
“carrying out a 2% thinning-out process” means discharging
the ultraviolet curable ink only for 98% of all pixels in a
printing data that forms an image having a printing density
of 100%.

In the image forming method according to the present
embodiment, the roughness of the first primer layer 31 can
be adjusted by the thinning-out process. Thus, a wrinkle-like
texture in a print image can be adjusted. The thinning-out
process on the printing data for forming the first primer layer
31 should preferably be configured in an appropriate man-
ner, according to a wrinkle-like texture that is needed. Being
not limited to any specific rate, the thinning-out process
should preferably be within a range of 3% to 85%; and more
preferably it should be within a range of 6% to 75%.

The printing data for forming the first primer layer 31 can
be created by way of blurring processing, gray-scale pro-
cessing, changing a resolution, reduction/enlargement of an
image, and thinning out. In other words, the image forming
method according to the present embodiment can be carried
out by using a commonly-used application for image pro-
cessing. Therefore, it is not necessary to specify any special
printing condition for forming the first primer layer 31 in the
inkjet printer 1. Moreover, since wrinkle-like printing can be
set by the RIP 22, there is an advantage that a user can
continuously carry out wrinkle-like printing and printing
without wrinkle-like printing. Still further, since each print-
ing setup condition in the printing data is collected in the
RIP 22; even if a setup error happens in relation to wrinkle-
like printing and printing without wrinkle-like printing, the
error can easily be corrected as long as it is before the
printing, by way of correcting only the setup condition in the
RIP 22 without stopping the inkjet printer 1.

Next, the RIP 22 sends the printing data processed by use
of'the application 21, as the printing data for forming the first
primer layer 31, to the control unit 8. Incidentally, in an
image forming method according to another embodiment,
the thinning-out process on the printing data may be carried
out, not by the RIP 22 but by the application 21.

Then, the RIP 22 sends the printing data for forming the
first primer layer 31, to the control unit 8 of the inkjet printer
1.

(Forming the First Primer Layer)

Next, the control unit 8 receives the printing data for
forming the first primer layer 31, and discharges the first ink
onto the medium 40 by way of controlling the head unit 3
according to the printing data, and then hardens the first ink
(as (a) shows in FIG. 1).

While moving in the direction ‘S’ (outward move) as the
scanning direction shown in FIG. 3, the head unit 3 dis-
charges ink of the black (K) as the first ink that is ultraviolet
curable ink, out of a first discharging area A1l of the inkjet
head 6a, in such a way as to make a perforated state. At the
same time, the UV-LEDs 5a through 5/ of the ultraviolet
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irradiation device 5, provided in the head unit 3, irradiate the
first ink discharged on the medium 40, with ultraviolet light
of an adequate intensity level for fully hardening the ink.

Thus, after landing onto the medium 40 so as to be in a
perforated state, the first ink is hardened before it becomes
smoothed. Therefore, the first primer layer 31, which
becomes an uneven foundation for obtaining a wrinkle-like
texture, can properly be formed.

Furthermore, also in a return move in the direction ‘S’, the
head unit 3 discharges the first ink out of the first discharging
area Al of the inkjet head 64, in the same way as it does in
the outward move of the head unit 3; and at the same time,
the UV-LEDs 4a through 4/ of the ultraviolet irradiation
device 4 irradiate the first ink discharged on the medium 40
with ultraviolet light. In this way, the first primer layer 31
can be fully hardened in the same way as it is in the outward
move of the head unit 3. Incidentally, the first primer layer
31 is formed by way of multiple scanning operation in which
the head unit 3 travels multiple times over the first primer
layer 31, and the first primer layer 31 is irradiated with
ultraviolet light multiple times.

Moreover, in the first primer layer forming process
included in the image forming method according to the
present embodiment, the first primer layer forming process
is carried out multiple times, in such a way that the first
primer layer 31 on the medium 40 becomes overlapping, in
accordance with the same printing data that the control unit
8 receives from the RIP 22. Thus, a height of a convex part
in the first primer layer 31 can be adjusted. Accordingly, a
wrinkle-like texture to be formed in a print image can
properly be adjusted. Incidentally, the number of operations
of the first primer layer forming process for forming one
image should preferably be adjusted in an appropriate man-
ner, according to a wrinkle-like texture that is needed. Being
not limited to any specific number, preferably the number of
operations for forming the first primer layer should be within
a range of three to ten.

(Second Primer Layer Forming Process)

As (b) shows in FIG. 1, in the second primer layer
forming process, the second primer layer 32 is formed by
way of discharging the second ink onto the medium 40
where the first primer layer 31 is already formed.

In the second primer layer forming process, at first, as a
preliminary hardening step, the second ink discharged on the
medium 40 is polymerized by irradiation with ultraviolet
light, so as to increase the viscosity of the ink to an extent
that fluidity of the ink is still maintained. Then, afterward as
a fully hardening step, the second primer layer is completely
hardened by irradiation with ultraviolet light.

Moreover, in the second primer layer forming process
included in the image forming method according to the
present embodiment, transparent ink of an ultraviolet cur-
able type is used as the second ink. Meanwhile, in the second
primer layer forming process, the transparent ink as the
second ink is entirely applied onto a whole part of the
printing area on the medium 40; where an image is to be
formed, and the first primer layer 31 is already formed.

(Preliminary Hardening Step)

At first, while moving in the direction ‘S’ (outward move)
as the scanning direction shown in FIG. 3, the head unit 3
discharges transparent ink (T) that is ultraviolet curable ink,
out of a second discharging area A2 of the inkjet heads 6/
and 6g. At the same time, the UV-LED 5a of the ultraviolet
irradiation device 5 of the head unit 3 turns on in order to
irradiate the second ink, with ultraviolet light of an intensity
level for increasing the viscosity of the ink to an extent that
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fluidity of the second ink is still maintained, without fully
hardening the second ink. Thus, the second ink is prelimi-
narily hardened.

In the preliminary hardening step, as shown in FIG. 3,
ultraviolet irradiation is carried out from the UV-LED 5a of
the ultraviolet irradiation device 5 located behind the second
discharging area A2 for discharging the second ink, in the
outward move in the direction ‘S’. Thus, the second ink
promptly increases its viscosity. Moreover, in the ultraviolet
irradiation device 5, with the ultraviolet irradiation being
conducted out of the UV-LED 5a located at a position
furthest from the second discharging area A2, the intensity
of the ultraviolet light, with which the second ink is irradi-
ated, is adjusted. In this way, an intensity adjustment of the
ultraviolet light in the preliminary hardening step can be
made by adjusting the number of lighted UV-LEDs, an
output of ultraviolet light emitted from each UV-LED, a
distance between an UV-LED and the second ink discharged
on the medium 40, and the like.

When a minimum value of an intensity of ultraviolet light
that can fully harden the ultraviolet curable ink as the second
ink is referred to as 100%, it is preferable in the preliminary
hardening step for the second primer layer 32 that the second
ink discharged on the medium 40 is irradiated with ultra-
violet light of an intensity within a range of 0.03% to 2.5%.
If the intensity of the ultraviolet light, with which the second
ink is irradiated, is within a range of 0.03% to 2.5% of the
minimum value of an intensity that can fully harden the
second ink, the second ink can preliminarily be hardened to
an extent that fluidity of the ink is still maintained. Thus, the
fine unevenness formed by the first primer layer 31 can be
canceled with the second ink. Moreover, increasing the
viscosity of the second ink prevents the second ink from
flowing out of the printing area on the medium 40. Inciden-
tally, intensity of each UV-LED is specified by the RIP 22.
Moreover, the minimum value of an intensity of ultraviolet
light that can fully harden the ultraviolet curable ink should
preferably be adjusted in an appropriate manner, depending
on the type of the ultraviolet curable ink, a film thickness of
the second primer layer, and the like.

Furthermore, since the second ink is transparent ink of an
ultraviolet curable type; and then, being compared with
color ink containing pigment, the second ink is able to
prevent the ultraviolet irradiation from being blocked.
Therefore, the viscosity of the transparent ink (T) can
properly be increased by way of irradiating the ink with
ultraviolet light, and the fluidity of the transparent ink (T)
can more properly be controlled.

Furthermore, also in the return move in the direction ‘S’
that is a scanning direction, the head unit 3 discharges the
transparent ink (T) that is a ultraviolet curable ink, by way
of activating the inkjet head 6/ and 6g. Meanwhile, in the
return move, the second ink discharged onto the medium 40
is irradiated with ultraviolet light emitted from the UV-LED
4a of the ultraviolet irradiation device 4, the ultraviolet light
having the same intensity as in the outward move. Therefore,
in the second primer layer forming process, the fluidity of
the second ink discharged onto the medium 40 is controlled
also in the return move, in the same way as it is in the
outward move. Incidentally, the preliminary hardening step
is carried out by way of multiple scanning operation in
which the head unit 3 travels multiple times over the second
primer layer 32, and the second primer layer 32 is irradiated
with ultraviolet light multiple times. In this way, in the
second primer layer forming process; while the second ink
being discharged, the ink is irradiated with the ultraviolet
light of an intensity level to an extent that the fluidity of the
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second ink is still maintained; and therefore the preliminary
hardening step for the second ink discharged onto the
medium 40 can quickly be carried out. Accordingly, condi-
tions of the unevenness formed by the second primer layer
32 can suitably be controlled.

(Full-Scale Hardening Step)

In a full-scale hardening step for the second primer layer
32, the whole part of the printing area on the medium 40
after the preliminary hardening step is irradiated with ultra-
violet light. Incidentally, in the full-scale hardening step, the
second ink is not discharged by the head unit 3. Thus, the
unevenness formed of the second primer layer 32 can be
fixed.

In the full-scale hardening step, ultraviolet light is emitted
from the UV-LEDs 5a through 5/ that the ultraviolet irra-
diation device 5 is provided with. In this step, what is
required for the UV-LEDs 5a through 5% is to irradiate the
second ink preliminarily hardened, with ultraviolet light of
an intensity that can fully harden the second ink. Being not
limited to any specific intensity level, the intensity of the
ultraviolet light to be emitted in the full-scale hardening step
should preferably be adjusted in an appropriate manner.
When an minimum value of an intensity of ultraviolet light
that can fully harden the ultraviolet curable ink as the second
ink is referred to as 100%, it is preferable to irradiate the
second ink discharged on the medium 40 with ultraviolet
light of an intensity within a range of 100% to 175%. If the
intensity of the ultraviolet light, with which the second ink
is irradiated in the full-scale hardening step, is within a range
of 100% to 175% of the minimum value of an intensity that
can fully harden the second ink, the second primer layer 32
can fully be hardened, and the unevenness formed of the
second primer layer 32 can more suitably be fixed.

Incidentally, in the full-scale hardening step, the intensity
of the ultraviolet light, with which the second ink is irradi-
ated, can appropriately be adjusted with the number of
UV-LEDs for emitting ultraviolet light, an output of ultra-
violet light emitted from each UV-LED, a distance between
an UV-LED and the second ink discharged on the medium
40, and the like. For example, even in the case where the
intensity of ultraviolet light emitted from a UV-LED is only
80% of the intensity with which the second ink can be fully
hardened, what is required is to obtain the intensity of
ultraviolet light for fully hardening the second ink by
providing a plurality of UV-LEDs having that intensity.

Furthermore, also in the return move in the direction ‘S’,
the head unit 3 irradiates the second ink, discharged on the
medium 40, with ultraviolet light by using the UV-LEDs 4a
through 4/ of the ultraviolet irradiation device 4. In this way,
the second primer layer 32 can suitably be hardened, in the
same way as it is in the outward move of the head unit 3.
Incidentally, the full-scale hardening step is carried out by
way of multiple scanning operation in which the head unit
3 travels multiple times over the second primer layer 32, and
the second primer layer 32 is irradiated with ultraviolet light
multiple times.

(Color Ink Layer Forming Process)

As (c) shows in FIG. 1, in the color ink layer forming
process, the color ink layer 33 is formed by way of dis-
charging color ink onto the second primer layer 32.

Incidentally, in the color ink layer forming process
included in the image forming method according to the
present embodiment, ink of an ultraviolet curable type is
used as the color ink.

At first, while moving in the direction ‘S’ (outward move)
as the scanning direction shown in FIG. 3, the head unit 3
discharges the color ink of (Y), (M), (C), (K), and (W) of an
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ultraviolet curable type, out of the first discharging area Al
of'the inkjet head 6 (namely, the inkjet heads 6a through 6¢),
according to the image data that has been used for creating
the printing data for forming the first primer layer 31. At the
same time, the UV-LEDs 5a through 5/ of the ultraviolet
irradiation device 5, installed in the head unit 3, irradiate the
color ink discharged on the medium 40 with ultraviolet light
of an intensity level to an extent that the color ink is fully
hardened. In this way, the color ink can suitably be hard-
ened.

Furthermore, also in the return move in the direction ‘S’,
the head unit 3 activates the inkjet head 6a (or the inkjet head
6¢) to discharge the color ink, and moreover radiates the
color ink discharged on the medium 40 with ultraviolet light
by using the UV-LEDs 4a through 4/ of the ultraviolet
irradiation device 4. In this way, the color ink layer 33 can
suitably be hardened, in the same way as it is in the outward
move of the head unit 3. Incidentally, with respect to
forming the color ink layer as well, a hardening step is
carried out by way of multiple scanning in the same way as
it is done for the first primer layer 31 and the second primer
layer 32.

In the image forming method according to the present
embodiment, the unevenness for obtaining a wrinkle-like
texture can be smoothed by way of forming the first primer
layer 31 and the second primer layer 32. Therefore, the color
ink layer 33 can suitably spread on the second primer layer
32 so that it is possible to represent a color gamut equivalent
to a full-color print of a plane image, by the color ink layer
33. Furthermore, since ultraviolet curable ink is used as the
color ink, it is possible to form a high-quality color image
that is provided with a wrinkle-like texture, and able to
recreate wide color space.

(Image Forming Method According to Another Embodi-
ment)

The image forming method according to the present
disclosure is not limited to the embodiment described above.
For example, in an image forming method according to
another embodiment, the second ink and the color ink for
forming the color ink layer may be either of solvent UV ink
and color ink. Solvent UV ink is an ultraviolet curable ink
which contains solvent.

For example, in the case where solvent UV ink is used as
the second ink, in the second primer layer forming process,
viscosity of the second ink is controlled by way of heating
the solvent UV ink discharged on the medium 40, with a
heating unit, such as a heater provided at a platen. After-
wards, the second primer layer formed of the solvent UV ink
is fully hardened by way of ultraviolet irradiation. Moreover,
also in the color ink layer forming process, the color ink
layer is hardened in the same manner, by way of heating the
color ink layer with a heating unit, and by ultraviolet
irradiation.

Also, in the case where the second primer layer and the
color ink layer are formed by using solvent ink, a viscosity
control and a drying step for the second primer layer and the
color ink layer should preferably be carried out by way of
heating with a heating unit.

According to the configuration described above as well,
viscosity of either of solvent UV ink and solvent ink can be
increased by way of solvent volatilization through heating,
so that conditions of the unevenness for obtaining a wrinkle-
like texture can suitably be controlled. Thus, a color gamut
equivalent to a full-color print can be represented by the
color ink layer.

Moreover, in the image forming method according to the
present disclosure, the second ink to be used in the second
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primer layer forming process is not limited to transparent ink
(T). Then, in a second primer layer forming process included
in an image forming method according to another embodi-
ment, for example, white ink (W) is used as the second ink.
When white ink (W) is used for forming the second primer
layer 32, it is possible to suitably prevent a color of the
second primer layer 32 from affecting the color ink layer 33
to be formed on the second primer layer 32.

Incidentally, in an image forming method according to
still another embodiment, it is also possible to use any color
ink out of (Y), (M), (C), and (K) other than transparent ink
(T) and white ink (W), the color ink being as the second ink
for forming the second primer layer 32. According to even
this configuration, the fine unevenness of the first primer
layer 31 can be canceled, and therefore the second primer
layer can suitably be formed.

Moreover, in the image forming method according to the
present disclosure, the first ink to be used in the first primer
layer forming process is not limited to black ink (K). Then,
in an image forming method according to another embodi-
ment, for example, one of white ink (W), transparent ink (T),
as well as color ink such as yellow (Y), magenta (M), and
cyan (C) can be used as the first ink. According to even this
configuration, the first primer layer can suitably be formed.
Incidentally, in the case where any ink, for example, color
ink, other than transparent ink (T) and white ink (W) is used
as the first ink, it is more preferable to use white ink (W) as
the second ink, in order to form the second primer layer 32.
A use of white ink (W) as the second ink can prevent a color
of the color ink of the first primer layer 31 from affecting a
color of the color ink layer 33 so that the color ink layer 33
can represent a desired color.

Incidentally, in the case where white ink (W) is used as the
second ink, it should be preferable to discharge the white ink
(W) onto the medium 40 under a condition that a printing
density of the white ink (W) becomes 150%, to preliminarily
harden the white ink (W) by way of ultraviolet irradiation,
and afterward to carry out a full-scale hardening step, for
forming the second primer layer. Thus, the second primer
layer can suitably be formed.

Furthermore, in an image forming method according to
still another embodiment, printing by use of the second ink
in a second primer layer forming process is carried out in
accordance with a printing data as a result of a thinning-out
process.

In other words, a first primer layer and a second primer
layer may be formed in such a way that part of a convex
portion of the first primer layer protrudes from a surface of
the second primer layer, by way of discharging the second
ink according to a result of the thinning-out process. More-
over, the first primer layer and the second primer layer may
be formed in such a way that, while the first primer layer
being covered with the second primer layer, part of a surface
of the medium 40 is exposed, by way of discharging the
second ink according to a result of the thinning-out process.

In an image forming method according to an embodiment
of the present disclosure, a configuration of the first primer
layer and the second primer layer is not limited to anything,
as far as unevenness formed with the first primer layer and
the second primer layer can be smoothed by way of can-
celing fine unevenness of the first primer layer with the
second primer layer. If the unevenness of the first primer
layer can be smoothed with the second primer layer, color
ink can suitably spread on the first primer layer and the
second primer layer. Accordingly, a color gamut of a color
ink layer can suitably be represented.
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Furthermore, in an image forming method according to
still another embodiment, a transparent ink layer may be
formed on a color ink layer. In this case, in a color ink layer
forming process, color ink should preferably be discharged
only from the first discharging area A1 of the inkjet heads 6a
through 6e shown in FIG. 3; the first discharging area Al
being located at a rear side in the feed direction (direction
‘F) for feeding the medium 40; meanwhile, transparent ink
should be discharged only from nozzle lines of the second
discharging area A2 of the inkjet heads 6/ and 6g; the second
discharging area A2 being located at a front half in the
direction ‘F’. Thus, onto the medium 40 being transferred in
the direction ‘F’, at first the color ink can be discharged from
the first discharging area Al; and subsequently the trans-
parent ink can be discharged onto the color ink layer formed
on the medium 40 that has been transferred in the direction
‘F’, from the second discharging area A2.

Moreover, in the image forming method according to the
present disclosure, an inkjet printer to be used for carrying
out the first primer layer forming process, the second primer
layer forming process, and the color ink layer forming
process is not limited to the inkjet printer 1 shown in FIG.
1. For example, in an image forming method according to
still another embodiment, the first primer layer forming
process, the second primer layer forming process, and the
color ink layer forming process are carried out by using an
inkjet printer 1' shown in FIG. 4. In the image forming
method according to the present embodiment, color ink of
(W), (Y), M), (C), and (K) is discharged from inkjet heads
6'a through 6'e provided inside the first discharging area Al
shown in FIG. 4; and meanwhile, transparent ink (T) is
discharged from inkjet heads 6'f'and 6'g provided inside the
second discharging area A2. According to this configuration,
the first primer layer 31, the second primer layer 32, and the
color ink layer 33 can suitably be formed.

Furthermore, in an image forming method according to
still another embodiment, the first primer layer forming
process, the second primer layer forming process, and the
color ink layer forming process are carried out by using an
inkjet printer 1" that is neither provided with the first
discharging area Al nor the second discharging area A2, as
shown in FIG. 5. In the image forming method according to
the present embodiment, color ink of (W), (Y), (M), (C), and
(K) is discharged from inkjet heads 6"a through 6"e shown
in FIG. 5; and meanwhile, transparent ink (T) is discharged
from inkjet heads 6"f'and 6"g. According to this configura-
tion, the first primer layer 31, the second primer layer 32,
and the color ink layer 33 can suitably be formed.

The image forming method according to the present
disclosure is not limited to any certain configuration of an
inkjet head, and the method can be implemented by using
various inkjet printers.

(Appendant Descriptions)

An image forming method according to an aspect of the
present disclosure includes: a first primer layer forming
process to form a first primer layer 31 by way of discharging
first ink, which is photo-curable ink, onto a medium (a
recording medium) 40 in such a way as to make a perforated
coat, and hardening the first ink by light irradiation; a second
primer layer forming process to form a second primer layer
32 by way of discharging second ink onto the medium 40 on
which the first primer layer 31 is already formed; and a color
ink layer forming process to form a color ink layer 33 by
way of discharging color ink onto the second primer layer.

According to the configuration described above, the first
primer layer 31 is formed on the medium 40 in advance, so
as to become an uneven foundation for obtaining a wrinkle-
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like texture, by way of discharging the ultraviolet curable
ink onto the medium 40 in such a way as to make a
perforated coat, and by ultraviolet irradiation. Then, by way
of discharging the second ink onto the medium 40 on which
the first primer layer 31 is already formed; while coarse
unevenness of the first primer layer 31 is maintained, fine
unevenness on a surface of the first primer layer 31 can be
canceled by the second primer layer 32. Accordingly, it is
possible to prevent the fine unevenness on the surface of the
first primer layer 31 from blocking a spreading movement of
the color ink on the medium 40 at the time when the color
ink is discharged. Thus, it is possible to form a high-quality
color image on the first primer layer 31 and the second
primer layer 32; the high-quality color image being able to
represent color space equivalent to a full-color print of a
plane image, by use of the color ink layer.

In an image forming method according to an aspect of the
present disclosure, it is more preferable to carry out the first
primer layer forming process multiple times before the
second primer layer forming process.

According to the configuration described above, a height
of'a convex part in the first primer layer 31 can be adjusted.
Accordingly, a wrinkle-like texture can properly be adjusted.

In an image forming method according to an aspect of the
present disclosure, it is more preferable that; the second ink
is photo-curable ink; and in the second primer layer forming
process, after the second ink is discharged, viscosity of the
second ink is increased by light irradiation so that the second
ink is preliminarily hardened; and then the second ink
preliminarily hardened is fully hardened by further light
irradiation.

According to the configuration described above, the sec-
ond ink is preliminarily hardened by way of increasing its
viscosity, so that it is possible to suitably prevent an exces-
sive amount of the second ink from flowing out of the
medium 40. Furthermore, by way of fully hardening the
second ink that is already preliminarily hardened, conditions
of'the unevenness formed by the first primer layer 31 and the
second primer layer 32 can more suitably be controlled.

In an image forming method according to an aspect of the
present disclosure, it is more preferable that the second ink
is transparent ink.

According to the configuration described above, by way
of irradiating transparent ink that does not contain any
pigment and the like, with ultraviolet light in the second
primer layer forming process, viscosity of the transparent
ink can more suitably be increased. Thus, unevenness of the
second primer layer can more suitably be controlled. There-
fore, it is possible to further suitably form a second primer
layer that can prevent a color representation range of the
color ink layer, from getting degraded. Thus, the unevenness
of the second primer layer 32 can further suitably be
controlled. Accordingly, it is possible to further suitably
form the second primer layer 32 that can prevent a color
representation range of the color ink layer 33, from getting
degraded.

In an image forming method according to an embodiment
of the present disclosure, it is more preferable that the color
ink is photo-curable ink, and the discharged color ink is
irradiated with light in the color ink layer forming process.

According to the configuration described above, a color
image can be formed, being provided with a wrinkle-like
texture and having wide color space.

The present disclosure is not limited to each of the
embodiments described above, and various alterations can
be made within scopes described in the claims, and an
embodiment to be obtained as a result of arbitrarily com-
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bining technical means disclosed individually in the differ-
ent embodiments is also included in a technical scope of the
present disclosure.

INDUSTRIAL APPLICABILITY

The present disclosure can be utilized for an inkjet
printing method for forming an image provided with a
wrinkle-like texture.

What is claimed is:

1. An image forming method, comprising: a first primer
layer forming process to form a first primer layer by way of
discharging a first ink, which is a photo-curable ink, onto a
recording medium in such a way as to make a perforated
coat, and hardening the first ink by light irradiation;

a second primer layer forming process to form a second
primer layer by way of discharging a second ink onto
the recording medium on which the first primer layer is
already formed; and

a color ink layer forming process to form a color ink layer
by way of discharging a color ink onto the second
primer layer,

wherein the perforated coat is formed in a perforated state,
which is a condition where a density of droplets of the
first ink discharged on the recording medium becomes
heterogeneous, so that smoothness of the first primer
layer is not uniform on the recording medium, and

wherein a height of each convex portion in the first primer
layer is not uniform.

2. The image forming method according to claim 1,

wherein

the first primer layer forming process is carried out
multiple times before the second primer layer forming
process.

3. The image forming method according to claim 1,

wherein

the second ink is a photo-curable ink, and

in the second primer layer forming process, after the
second ink is discharged, viscosity of the second ink is
increased by light irradiation so that the second ink is
preliminarily hardened; and then the second ink pre-
liminarily hardened is fully hardened by further light
irradiation.

4. The image forming method according to claim 1,

wherein

the color ink is a photo-curable ink, and

the discharged color ink is irradiated with light in the
color ink layer forming process.

5. The image forming method according to claim 1,

further comprising:

a height adjusting process to adjust a height of a convex
part in the first primer layer.

6. The image forming method according to claim 2,

wherein

the second ink is a photo-curable ink, and

in the second primer layer forming process, after the
second ink is discharged, viscosity of the second ink is
increased by light irradiation so that the second ink is
preliminarily hardened; and then the second ink pre-
liminarily hardened is fully hardened by further light
irradiation.

7. The image forming method according to claim 3,

wherein

the second ink is a transparent ink.

8. The image forming method according to claim 6,
wherein

the second ink is a transparent ink.
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